APROAT765

ot
} it

7k

oy iarmav
e

0DC Fie copy

HDL.TR-1837

[

. Confmmal

September 1977 .

L
o

%
: L 'fé\ /

Y ueseaRCr 7 Soag /i/
UL OEVELOPMENT i
T ENGNEINNG

D:elecmc-Fllled Edge-Slof Antennas
for Bod:es of Revoluhon e

' us. Army Mofenel Deveiopment _'
. and Reodmess Command T ' _
 HARRY DlAMOND LABORATORIES__

) ".Adolpho, Morylond 20783

APPROVED FOR PUBLL RELEASE; DISTRIBUTION UNLMIED.



A
ALy

3,05,

The findings in this report are not to be construed as an official
Department of the Army positicr unless so designated by other

authorized documents.
Citation of manufacturers’ or trade names does not constituie

an official indorsement or approval of the use thereof,

Destroy this report when it is no longer needed. Do not return

it to the originator.

G PR L T

A~



*;
" . § i L8 il o K6y
. o A Rt A RGN 5 5 AN l_- A TP

= Xl

v N Y
B R AR
-

UNCILASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLEYING FORM

1 QBRI / 2. GOVT ACCESSION NoJ 3. NT'S CATALOG NUMBER
_@ HDL-TR-1837 )

4. TITLE (and Subtitie) RIOD COVERED

N -
hét?—éonformal Dielectric-Filled Edge-Slot echnical,Réﬁz:E,

Antennas for Bodies of ReVO1Utl°rM 6. PERFORMING ORG. REPORT NUMBER

RANT NUMBER(#) Soba OO

Daniel Kﬁ7échaubert, nf//TVL

Howard S. /Jones, Jr, DA:J 1 k62615AH77 ,c;?\
€ AND ADORESS 2 10. PR NT, PROJECT, TASK

Harry Diamond Laboratories ./ AREA & WORK UNIT NUMBERS

2800 Powder Mill Road Program Ele: 6.26.16.A

Adelphi, MD 20783

11. CONTROLLING OFFICE NAME AND 2"ORESS

US Army Materiel Development
and Readiness Command

Alexandria, VA 22333

{18 MONITORING AGENCY NAME & ADORESS(if dliferent from Controlling Oftice) 15. SECURITY CLA

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of thie Report)

Approved for public release; -distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, If differsnt from Report) o
-~
D A Y
i
(TJ i
!*;, [ S
18. SUPPLEMENTARY NOTES U DEY, 7

HDL Project: A77715 (‘ﬂ\]/\-g
DRCMS Code: 662616.H770 (3

19. KEY WORODS (Continue on reverse side If necessary and identity by block number)

Slot antenna
Conformal antenna
Dielectric-filled antenna

20. Ai“ﬂ«:f(f‘ Y, otde §t ry and 4 ty by block 5]
A class of circumferential-slot antennas that are ideally

suited for conformal mounting on conducting bodies of revolution
has been developed. The simplest form of the antenna is a disk
of dielectric substrate that is copper-plated on both sides and
mounted between two parts of the conducting body so that the

aperture coincides with the surface. The antenna is excited by
a single coaxial stub at the center and is tuned for proper __ . =

R e r

Bt

gt

5

DD ,"anys MT3  eoimon oF 1 woV 68 1S OBSOLETE UNCLASSIFIED
1 SECURITY CLASSIFICATION OF THIS PAGE (Wien Data Entered)

/63 BEP e

wh

IR DRI o D

ron




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

operating frequency by inductive posts that connect the two
copper~-plated sides of the disk. By varying the number and
location of the inductive posts, the orerating frequency of
a single antenna can be tuned over a six-to-one range. In
practice, plated-through hcles are used as inductive posts
in order to provide mounting and access holes. The single
coaxial feed excites azimuthally symmetric fields that are
not significantly distorted by the symmetrically placed
inductive posts. Therefore, radiation patterns of edge-
slot excited bodies display a high degree of azimuthal
symmetry. The small size, light weight and inexpensive
fabrication procedure make the edge~-slot attractive for many
applications.

N

7\00:5";1‘.’_2‘____-“_,--_?
NTIS UL
Dne 378 v 13
vy 07 3 0
s !
BY
WINPT R £T3 0T SRR
DISTRR 002 T2 e
0. et UL
{
UNCLASSIFIED

2 SECURITY CLASSIFICATION OF THIS PAGE(When Dete Entered)




.

[T mmTIp————

CONTENTS

INTRODUCTION « & « o o o o o o o o o o o o o o o o o o o o ¢ o o
BASIC EDGE-SLOT ANTENNA . ¢ ¢ ¢ ¢ « o ¢ ¢ o o o o o o o o ¢ s
OPERATING CHARACTERISTICS . ¢ o ¢ ¢ « ¢ o o o o o o o o o o s &
ANTENNAS OF OTHER DIAMETERS + ¢ ¢ ¢ o« o o ¢ o o o o o o o o s @
ARRAYS OF EDGE-SLOT ANTENNAS . . ¢ ¢ ¢ ¢ ¢ o o o ¢ o o s o o s o
CONICAL GEOMETRY + o « o ¢ o o o o o o o o o ¢ o o o o s o o o »
OTHER OBSERVATIONS AND POSSIBLE EXTENSIONS . . . ¢ ¢ « o o « + &
SUMMARY & ¢ 4 ¢ o o s ¢ o o o o o o o ¢ o s o o o o o o o o o

DISTRIBUTION e 6 ¢ * s e e ® e e & e 8 s 8 e s e e & s 6 e e ¢ e

FIGURES
1 Two-element edge-slot antenna . « « ¢« ¢ « ¢ o o o &« &« &
2 Typical two-element, four-element, and eight-element

edge-slot antennas constructed of 3,18-mm (1/8-in.)
copper-plated Teflon fiberglass with plated-through
inductive pPosts . , . . ¢ ¢ v e e e 4 e e e e e e e

3 Operating frequency versus number of inductive posts
for two-element antenna . . .« « ¢ & ¢ ¢ s s @ s o0 e . .

4 Operating frequency versus number of elements with nine
inductive posts separating elements » . . . + « .« + . &

5 Effects of post position and diameter on operating
frequency of “wo-element antenna . . « « « « ¢+ ¢ o o o

6 Radiation patterns of two-element edge-slot antenna
mounted at center of 27.4-cm-long cylinder . . . . . .

7 Radiation patterns of multielement edge~-slot antennas
mounted at center of 27.4-cm-long cylinder . . . . . .

8 Operating frequencies of 20.3~cm diameter antenna
mounted at center of 40.6-cm-long cylinder , . . . . .

9 Radiation patterns of 20.3-cm edge-slot antenna mounted
at center of 40.6~cm cylinder « « « « ¢ ¢ ¢ o 0 o s o

12

16

17

19

21

23

10

11

12

13




T S
o R PR e o 2 K 5
SRRy \:_ ) D 5

FIGURES (Cont'qd)

Page
10 Operating frequencies of 7.6-cm diameter edge-slot
antenna mounted at center of 15.2~cm-long cylinder . . 13
11 Radiation patterns of 7.6-cm antenna mounted on
cylinder . . ¢« & ¢ 4t t i it e e e e e e e e e e s e 14
12 Operating frequencies of 4-cm diameter antenna mounted
at the base of 40-mm nose section . . . . . . . . . . 15
13 Radiation pattern of four-element edge-slot antenna
mounted on mockup of 40-mm projectile ., . . . . . . . 15
14 Mockup of 40-mm projectile with array of two edge-slot
antennas . . . . . 4t f i s 4 e s e s s e s e e s s . 16
15 Radiation patterns of single edge-slot antenna and two-
antenna array mounted on 40-mm projectile . . . . . . 17
16 Four-element conical edge-slot antemna . . . . . . . . 18
7 17 Radiation patterns of four-element conical edge-slot
B ANnteNnNa . o . ¢ 4 4 e s e e e s e 4 s s s e e s e« . 18
b 18 Radiation pattern of conical edge-slot antenna mounted
& on 8l-mm projectile . . . . ¢ 4 ¢ 4 4 4t e e s e s o . 19
S
i

;

AL
A

AU

24

il

' - e S R T

P R U




T St S50 b 4o SN i I o0 B bl s AT S e A TS LR S e s
o e LR L S DI S s e R e e T s e T R
eI RS o S R S O S e e MR e R i S e e e BT

1. INTRODUCTION

To help meet the continuing need for small, ruaged, lightweight,
conformal antennas for bodies of revolution, a class of circumferential-
slot antennas, called edge-slot antennas, has been developed. The edge-
slot antennas are Filled with a low-loss dielectric material that
provides structural strength and reduces the size of the antennas rela-
tive to the free-space wavelength. The antennas are simple and
inexpensive to manufacture and they are rugged enough to operate in a
ballistic environment. The edge-slot antenna is excited by a single
coaxial feed and is symmetrically constructed in order to radiate
uniformly in the azimuthal plane. The basic, planar edge-slot antenna
occupies a minimum of space at the surface of the body and, for certain

o b .
s TR, TR 3
T ) SRR T

applications, is better than cavity-backed slot, microstrip or patch
E- antennas. A modified version of the antenna, a conical edge-slot
é’ antenna, is excellent tor use on the nose cone of a projectile.

A number of edge-slot antennas have been constructed and tested and
namerous curves relating the physical and electrical characteristics
have been obtained. The operating freguency and input impedance of the
antenna are most affected by the configuration of the antenna itself,
but the radiation pattern is strongly influenced by the external body.

2. BASIC EDGE-SLOT ANTENNA
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The basic, two-element edge-slot antenna, depicted in figure 1,
consists of a thin disk of dielectric material that is copperplated on
both sides and excited by a single coaxial stub at the center.

A

Rows of diametrically opposed inductive posts separate the antenna
into two radiating elements. The posts, which connect the copperplated
sides of the antenna, also tune the operating frequency and impedance of
the antenna. 1In practice, plated-through holes are often used instead
of solid posts to facilitate construction and to reduce the weight. The
holes are used also for mounting and for passing electrical cables and
structural supports through the antenna. Because azimuthally symmetric
radiation patterns are desired, the inductive posts are placed symmetri-
cally about the center of the disk. The rows of posts on each side of
the feed in figure 1 divide the antenna into identical segments that are
excited equally and in phase by the central feed region. Examples of

two-element, four-element and eight-element edge-slot antennas are shown
in fiqure 2.

G B e
RiEeRs

When used in conjunction with typical weapon systems, the edge-slot
antenna can be mounted conformally between portions of a conducting body

koY of revolution. Because the aperture is very narrow and because it
5; ‘ couples strongly to the body, full advantage can be taken of the
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Figure 1. Two-element edge-slot antenna.
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Typical two-element, four-element, and eight-element edge-slot
antennas constructed of 3.18-mm (1/8-in.) copper-plated Teflon
fiberglass with plated-through inductive posts.

Figure 2.
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radiation properties of the larger structure. Furthermore, the rota-
tional symmetry of the antenna and the body preserve the desired
dzimuthal symmetry of the radiation pattern.

The edge-slot antenna is ideally suited for mounting on bodies that
are compartmentalized because it provides a natural boundary, complete
with mounting and access holes, between the portions of the body. Elec-
tronic components in one compartment can be electromagnetically isclated
from components in the other compartment. BAlso, because only the thin
aperture extends to the surface, disruption of structural and aerody-
namic features of the exterior surface is minimal. The disruption is
minimal especially if the antenna is mounted at a natural junction of
the body, which is the case in many weapon systems.

3. OPERATING CHARACTERISTICS

Unlike the radiation characteristics, which are strongly affected by
the external body, the input terminal characteristics (operating
frequency and impedance) of the edge-slot antenna are strongly affected
by the number and locations of the inductive tuning posts. The posts
contribute significantly to the impedance match of the antenna and are
used to minimize the VSWR at the desired operating frequency. No
external network is needed to match the edge-slot antenna to a standard
50-ohm generator. Figure 3 shows the variations in operating frequency,
defined by minimum VSWR, with the number of posts for a two-element

T 4 J '

DIAMETER=137 cm
THICKNESS =3.18 mm {1/8 in)

POST DIAMETER =1 8 mm b
7001 POST SPACING =4 0 mm /

TEFLON FIBERGLASS SUBSTRATE /
600} .

()
500} /
4001~ / -

1 1 1
2 4 (] 8 10
NUMBER OF INDUCTIVE POSTS

FREQUENCY (MHz)

300

Figure 3. Operating frequency versus number of inductive posts for two-
element antenna. Data taken with antenna mounted at center of
conducting cylinder 13.7 cm in diameter and 27.4 cm long.




w,“‘

Ao
S

N

e

R R

edge-slot antenna. The posts are inserted symmetrically so that the
number "1" actually implies two posts. The two-element antenna can be
tuned from 360 to 720 MHz without changing its fundamental dimensions.

Removal of the ‘number 1 posts from the two-element antenna in
figure 3 does not give an operating frequency below 360 MHz. At least
one pair of posts is necessary for proper operation of the antenna. The
only known way to further 1lower the frequency (for a fixed dielectric
constant) %s to increase the diameter of the antenna.

The effect of increasing the number of elements is shown in
figure 4. With the number of posts separating the elements held
constant at nine, the operating frequency increases from 720 to 2315 MHz
as the number of elements increases from two to eight. Figures 3 and 4
show that &« sirgle edge-slot antenna can be tuned over a six-to-one
frequency range. The disk di+—ever is 0.16A, at 360 MHz and 1.08Ao at
2315 MHz (A, = free space wave: +h). The data of figures 3 and 4 were
obtained with the antenna mcu.cte in the center of a 27.4-cm-long
cylinder.

2600

1 T
DIAMETER=13 7 cm
THICKNESS =3 18 mm (1/8 in)
NINE INDUCTIVE POSTS b
(DIAMETER =1 6 mm)

(SPACING =4 0 mm) -1

o

2200

TEFLON FIBERGLASS SUBSTRATE
1800 4

FREQUENCY (MH2z)

1400

T
]

1000

1
]

600 ] i 1
2 4 ] 8
NUMBER OF ELEMENTS

Figure 4. Operating frequency versus number of elements with nine
inductive posts separating elements. Antenna was mountaed
at center of 27.4-cm-long cylinder.

The bandwidth and VSWR of the antenna depend on the configuration of
the antenna, the body on which it is mounted and the operating fre-
quency. The bandwidth (VSWR & 2) of the two-element antenna mounted at
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the center of the 27.4-cm-long cylinder was typically 3 percent but
considerahly greater bandwidths have been observed for other antennas
and bodies.

The dramatic tuning of the antenna displayed in figures 3 and 4 was
accomplished by continually increasing the number of inductive posts. A
less pronounced tuning can be accomplished by varying the location or
size or both of a fixed number of posts. Figure 5 shows the changes in
operating frequency as two posts are moved from the edge of the antenna
toward the center. Also shown is the increase in operating frequnency
with increasing post diameter.

490 T T T T T T T T T

d= 27 mm
d=POST DIAMETER =
470+ HOLE SPACING =4 O mm > T —

7 g
% v ‘/.____.“_""“.
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4301 . TEFLON FIBERGLASS

///’~
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J SUBSTRATE (€;=26)
/ o / / {Cu-PLATED) 3,18 mm
410 ./° —_—
L)

FREQUENCY (MHz)

390

AN

370

| I i | ] 1
2 3 4 5 8 7 8 8 10
POSITION OF INDUCTIVE POSTS

350

-},

Figure 5. Effects of post position and diamter on operating frequency of
two-element antenna. Single pair of posts is moved from edge
toward center.

The radiation pattern of the edge-slot antenna is strongly
influenced by the body on which it is mounted. This influence can be
seen in the far-field radiation patterns of figures 6 and 7, which were
taken with the antenna mounted at the center of the 27.4-cm-long
cylinder. The patterns on the left were taken in the plane of the
edge~-slot antenna (6 = 90 deg) and those on the right were taken in a
plane perpendicular to the antenna (¢ = 0 deg). The radiation is nearly
uniform in the 6 = 90-deg plane and is similar to a dipole in the ¢ =
O-deg plane. The cylinder is 0.33A_ 1long at 360 MHz and 2.17) long at
2315 MHz. Absolute gains varied fom 1 dB at 360 MHz to °6 dB at
2315 MHz.
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Figure 6. Radiation patterns of two-element edge-slot antenna mounted
at center of 27.4-cm-long cylinder.
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 F=1054 MHz
3 ELEMENTS

. F=1856 MHz
6 ELEMENTS

F=2315 MHz
8 ELEMENTS

Figure 7. Radiation patterns of multielement edge-slot antennas mounted
at center of 27.4-cm~-long cylinder.
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4. ANTENNAS OF OTHER DIAMETERS

In order to cover other operating bands, edge-slot antennas having
diameters of 4.0, 7.6, and 20.3 cm have been built and tested. Their
operating characteristics, which are similar to those described in
section 3, are summarized in this section. All the antennas described
here were constructed of 3.18-mm (1/8-in.) Teflon fiberglass substrate.

The 20.3-~cm-diameter antenna was found to operate over frequency
ranges of 220 to 500 Mz (two elements) and 355 to 860 MHz (four
elements). Data taken with the antenna mounted at the center of a
40.6-cm-long cylinder are shown in figure 8. Typical radiation patterns
of the four-element edge-slot antenna mounted at the center of the
40.6-cm-long cylinder are shown in figure 9.

OIAMETER =20 3 cm

THICKNESS =3 18mm (1/8 in)
POST DIAMETER=2.3 mm

POST SPACING =4 Omm

TEFLON FIBERGLASS SUBSTRATE

800

o
o
(=]

FREQUENCY
(MHz)

rZzzzzzzy 40 6 cm

S
(=4
(=]

g3

| D
9 10 11 12

Py | S [N S W VR T WA DA
1.2 3 4 5 8 7 8
NUMBER OF POSTS

Figure 8. Operating frequencies of 20.3-cm diameter antenna mounted at
center of 40.6-cm-long cylinder.

Two-element, four-element and six-element models of the 7.6-cm~
diameter antenna were found to operate over frequency ranges of 660 to
1210, 1070 to 2230 and 1350 to 3080 MHz, respectively. Figure 10 shows
the operating frequency curves for the antenna mounted at the center of
a 15.2-cm-leng cylinder., Typical radiation patterns for the 7.6-cm-
diameter edge-slot antenna, mounted on the cylinder, are shown in
figure 11.

Operating frequencies of the 4.0-cm-diameter antenna are shown in
figure 12. An eight-element version of this antenna has also been built

12
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Figure 9. Radiation patterns of 20,3-cm edge~slot antenna mounted at
center of 40.6-cm cylinder.
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g TEFLON FIBERGLASS SUBSTRATE
>3 L)
> S
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Figure 10. Operating frequencies of 7.6~cm diameter edge-slot antenna
mounted at center of 15.2-cm long cylinder.
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Figure 11. Radiation patterns of 7.6-cm antenna mounted on cylinder.
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i Figure 12. Operating frequencies of 4-cm diameter antenna mounted at the
v; base of 40-mm nose section.

g and found to operate at 8300 MHz when three inductive posts are used to
i separate the elements. Radiation patterns of the four-element edge-slot
3 antenna mounted on a mockup of a 40-mm projectile are shown in
= figure 13. Once again the azimuthal radiation pattern is symmetric and

the elevarion radiation pattern (¢ = 45 deq) is characteristic of the
body on which the antenna is mounted.

152 om|

i——no m——{
Radiation pattern of four-element edge-slot antenna mounted
onn mockup of 40-mm projectile.

Figure 13.

15




5. ARRAYS OF EDGE-SLOT ANTENNAS

Many applications involving bodies of revolution require directive
beams at a prescribed angle relative to the axis of the body. This
requirement can be met easily by using arrays of edge-slot antennas.
Because the antenna is a thin disk, the individual radiators can be
placed close together without physical interference. Figure 14 shows a
mockup of a 40-mm projectile with an array of two edge-slot antennas.
Each antenna consists of eight elements and operates at 8300 MHz. The
radiation patterns for a single antenna and the two-antenna array
(excited in phase and spaced A,/2 apart) are shown in figure 15. The
effect of some asymmetries in the antennas is evident in the azimuthal
patterns. The impedance bandwidth (VSWR < 2) of a single antenna on the
40~-mm mockup was 1000 MHz (>12 percent).

EDGE-SLOT ANTENNAS

0049~-7¢

Figure 14. Mockup of 40-mm projectile with array of two edge-slot
antennas,

16
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6. CONICAL GEOMETRY

3
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Sometimes it is not possible to place a flat disk across the body
and sometimes the antenna must be mounted near the tip of a conical body
where the diameter is not sufficient to build an antenna operating at
the desired frequency. In these cases, the planar disk can be deformed
(symmetrically) to fit the available space and to operate at the
required frequency. An example of a conical edge-slot antenna is shown
in figure 16. This four-element antenna forms a hollow nose cone for an
& 8l-mm projectile. The feed is at the tip of the nose cone and the
- aperture 1is 3.33 cm back from the tip. Thirteen inductive posts
i separate the elements and give an operating frequency of 6330 MHz with
an impedance bandwidth (VSWR < 2) of 150 MHz. Radiation patterns for
this conical edge~slot antenna are shown in figure 17. The conical body
produces higher gain in the forward quadrant than in the backward
quadrant. Also, the azimuthal pattern of this antenna shows a small
variation due to the four elements. A radiation pattern for the conical
antenna mounted on an 8l-mm mortar projectile is shown in figure 18.

o

e
S

2
S A

ZRa

5
THEN ]

LTI
Qs

TR

(Y AGee
SN

K
W

‘ 4 The electronic circuitry that feeds the antenna can be housed in the
hollow conical compartment inside the antenna. The electronics are then
isolated from the radiation fields of the antenna.
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7. OTHER OBSERVATIONS AND POSSIBLE EXTENSIONS

The information presented in this report is representative of the
large number of data that has been collected on the edge-slot antenna.
Several key operating characteristics have been presented, but a number
of more subtle characteristics have also been observed. Some of these
observations and some possible extensions of the previous work are
discussed in this section.

The addition of inductive posts to the edge-slot antenna tunes its
operating frequency in discrete steps. The size of these frequency
steps is fixed by various design parameters such as the number of ele-
ments and the spacing and diameter of the posts. It is, however,
possible to tune the antenna to operate between the frequencies
presented above by varying the post configuration. For instance, if the
four-element antenna  described in figure 12 is tuned by alternate rows
of two and three inductive posts, an operating frequency of 4140 MHz is
achieved. This configuration provides another cperating £requency
approximately midway between the two-post and three-post frequencies.
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Further tuning can be accomplished by removing some of the posts near
the edge of the antenna and by changing the post diameter (as shown in

fig. 5).

An analytical study of the edge-slot antena is currently underway,*
but definitive results are not yet available. However, two empirical
models, which explain some of the antenna's behavior, have been
developed. The first model is useful for understanding the tuning
effect of the inductive posts. The antenna is considevred to be a
resonant -LC circuit: the inducrance is due to the current loop from the
feed point to the nearest post and back across the opposite surface; the
capacitance is due to the conducting surfaces of the antenna. Since the
resonant frequency is iaversely proportional to the square root of the
inductance and of the capacitance, the antenna can be tuned to operate
at a higher frequency by reducing the area of the inductive loop (moving
the post closer to the feed). Increasing the number of elements places
more inductive loops in parallel to lower the effective inductance and,
therefore, raise the operating frequency.

The second model recognizes the travelling waves inside the antenna,
which resembles a radial transmission line. The rows of inductive posts
are considered to form perfectly conducting walls that divide the
antenna into radial wavequides of varying lengths and characteristic
impedances. By using this model the antenna would operate when the
aperture raliation impedance transformed through the radial waveguides
to match the generator impedance. The antennas that have been built and
tested have mismatch losses of only a few tenths of a decibel at the
operating frequency as opposed to greater than 10 4B at frequencies away
from resonance. Although a simple first-order analysis' based on this
model failed to predict the operating frequencies, the model appears to
be useful for understanding the azimuthal symmetry of the radiation
patterns, Because the apertures are excited in phase and because their
centers are separated by less than A /2, only the azimuthally symmetric
radiation mode is strongly excited.

The above models suggest several variations of the basic edge-slot
antenna. Using a higher permittivity substrate should increase the
capacitance of the antenna and 1lower its operating frequency. Using a
thicker substrate would create a wider slot aperture and should increase
the bandwidth. Also, some of the elements might be eliminated by
placing a row of posts or a wall across them at an appropriate distance
from the feed point. The unused portion of the element could be removed
to provide additional access space or used as an independent radiator.

*The analysis dis being performed by the Radiation Laboratory,
University of Michigan, under Army Research Office Grant No.
DAAG-29-77-G-0152 (Proposal No. 14808-EL) .

twilliam A. Davis, Single Mode Analysis of the Edge-Slot Antenna,
Air Force Institute of Technology (November 1976).
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Another interesting phenomenon that has been observed but not
investigated is the presence of higher order resonances. That is, an
antenna designed to operate at a given frequency operates also at vne or
more frequencies that are several times greater. This phenomenon might
be useful for designing multifrequency antennas. In addition, the
antenna could be tuned electronically by replacing the inductive posts
with diodes. The bias voltage of each diode would be controlled to
provide frequency tuning of the antenna. The gradual transition of the
diode impedance from open circuit to short circuit may also permit
continuous tuning of the antenna.

8. SUMMARY

The edge-slot antenna has been shown to be a useful radiator for
conformal mounting on bodses of revolution. Because it occupies only a
narrow ring on the surface of the body, one or a number of edge-slot
antennas can be mounted on almost any body contour. By increasing the
number of inductive posts separating the elements and by increasing the
number of elements, the operating frequency of a single edge-slot
antenna can be tuned over at least a six-to-one frequency range. The
minimum operating frequency of a given antenna is fixed by its diameter.
In order to operate at lower frequencies, the diameter of the antenna
must be increased. The criteria that govern the high frequency limit of
operation are not yet understood, but the separation of the inductive
posts and the angular width of the elements are expected to be limiting
factors.

The instantaneous bandwidth of the edge-slot antenna varies somewhat
with configuration and operating frequency, but 3 percent is not
uncommon for a 3.18-mm-thick antenna operating in the uhf band. BRand-
widths of 12 percent have been observed at X band.

A unique feature of the edge-slot antenna is that its radiation
pattern in the azimuthal|plane is nearly uniform. The inductive posts
that tune the antenna do not disrupt the azimuthal summetry of the
radiated field.

The construction of the antenna is rugged and simple and the antenna
provides a natural boundary when inustalled between portions of a body.
This compartmentalization of the body interior is useful for isolating
various electronic circuits. At the same time, the use of plated-
through holes for inductive posts provides access betwsen the bhady por-
tions and holes for fastening the portions together.

The edge-slot antenna is a versatile and useful radiator that can be
used for a number of weapon systems. Because the azimuthally symmetric
radiation pattern is maintained over a wide range of frequencies, system
designers are not restricted in their choices of operating frequencies.
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Also, the 2dge-slot antenna can be integrated into a variety of struc-
tures because its shape can be varied to conform to the body and the
available space. Further development of the edge-slot antenna is
expected to increase the flexibility and reliability and to decrease the
size and weight of the antennas used for Army projectiles.
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